Abstract
This is the final report of a three-year, Laboratory Directed Research and Development (LDRD) project at the Los Alamos National Laboratory (LANL). The work resulted in publication of eight manuscripts in peerreviewed journals. Ten papers were presented at meetings of professional societies and one of these resulted in an award to a student for "Outstanding Undergraduate Research." The research conducted under this program has had a profound effect on the characterization of a human malady, the Wolf Hirschhorn syndrome (WHS), caused by a terminal deletion of chromosome 4. The available genomic sequence and our attempts to characterize the potential transcriptional units has sharpened our focus on the development of methods to explore the functional significance of the human genome.
Background and Research Objectives
There are a variety of birth defects associated with the loss of genetic material near the ends of chromosomes. At least one-third of human chromosomes can have terminal deletions that result in live births but lead to sigmticant clinical abnormalities.
"Principal Investigator, email: altherr@lanl.gov 1 Terminal deletions can arise by a variety of mechanisms, including the clastogenic effects of ionizing radiation. It is clear that chromosome stability is severely impaired if the terminal structure, the telomere, is missing. In fact, complete chromosomal loss (a condition incompatible with life in humans) has been observed in experimental organisms when the telomere is removed or disrupted. The telomere is a unique chromosomal element that has been demonstrated to generate novel structures, to initiate DNA replication at the ends of chromosomes, and to affect the expression of genes in its proximity.
The goal of this project was to evaluate the effect of the telomere on gene expression in human cells derived from patients with a birth defect resulting from a terminal deletion. We have uulized cell lines derived from patients with a serious birth defect called the Wolf Hirschhorn syndrome (WHS). One of the hallmark diagnostic criteria for WHS is the deletion of the terminal segment of human chromosome 4.
These patients are referred to as 4p-. In the course of these studies we have developed a series of landmark cosmid probes, currently being employed by researchers around the world, to evaluate suspected WHS patients. Cosmids are relatively small segments (45,000 bp) of DNA derived primarily from the human genome but capable of being propagated in bacteria to generate sufficient mass for subsequent studies. Random cosmid clones organized into arrays of DNA segments representing their position in the genome are referred to as conrigs. Furthermore, we have identified a series of novel genes, characterized their patxern of expression, and generated a variety of reagents to further these studies. While the product of gene expression is RNA, they are represented by cDNA (complementary DNA) clones derived from cellular RNA.
In an effort to define genes whose expression might be altered by a change in telomere position, we utilized cell lines to determine the smallest region of overlap, which would, therefore, define the critical region (summarized by the patient cell lines represented in Figure lb) . The Wolf Hirschhorn syndrome critical region (WHSCR) is defined by this smallest region of overlap and is likely to contain genes critical to normal human development. Cell lines derived from WHS patients were analyzed using the technique of fluorescent in situ hybridization (FISH) to define the smallest region of overlap. A small group of cosmids, the landmark set, were used in the primary analysis. Once the approximate breakpoint was defined, the specific genomic segment containing the deletion breakpoint can be identified using the individual members of the contig between the landmark clones (called second tier cosmids). Genes identified in this segment are being studied using a variety of molecular genetic techniques to determine their physiological role in human biology. Finally, we hope that these studies will then allow us to evaluate how the alteration in telomeric position modulates their expression.
Scientific Approach and Accomplishments
The research conducted under this program has had a profound effect on the characterization of a human malady, the Wolf Hirschhorn syndrome (WHS), caused by a terminal deletion of chromosome 4. The specific details of this work is contained in the manuscripts listed in the Publications section below.
DNA clones that are being employed by researchers around the world to characterize WHS patients with a uniform set of reagents. This has had a direct impact on genetic characterization of the disorder. We have identified approximately 15 putative coding sequences that might contribute to the WHS. This effort was facilitated by the aITailability of complete genomic sequence available for the entire WHS critical region. The entire genomic sequence of this region was analyzed by BLAST. As a result several independent cDNA clones were identified from the dbEST data base. In addition, computer algorithms designed to detect potential coding sequences have detected several other candidate genes. These cDNAs show no significant similarity to members of other DNA or protein databases. Furthermore, these genes have been localized within the WHS critical region and reveal an interesting pattern of transcriptional organization. The available genomic sequence and our attempts to characterize the potential transcriptional units has sharpened our focus on the development of methods to explore the functional significance of the human genome.
In summary, our efforts resulted in the generation of a series of "landmark" cosmid 
